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ABSTRACT
GULF STURGEON OF THE PASCAGOULA RIVER: POST-KATRINA
ASSESSMENT OF SEASONAL USAGE OF THE LOWER ESTUARY
by Jeanne-Marie Dawn Havrylkoff
August 2010
The Pascagoula watershed likely offers the greatest possibility for the survival of
the Gulf sturgeon, Acipenser oxyrinchus desotoi within Mississippi. The focus of this
project was to determine the routes Gulf sturgeon take through the lower Pascagoula
River which splits at river kilometer 23 into two distinct distributaries. Sampling for this
project was conducted over 60 d in 11 months throughout a two year period with a total
of 81 ,947 net-meter-hours. Eight Gulf sturgeon were captured during this time and
ranged in size from 81 - 196 em TL and weight ranged from 3.6- 52.6 kg . Using an
array of automated telemetry receivers, ultrasonic tagged Gulf sturgeon migrations were
monitored within the lower river and associated estuary. Data gathered by the
automated telemetry array indicated that Gulf sturgeon movements through the project
area are dissimilar between and among si;ze classes, as some fish followed the most
parsimonious route while others moved in more complex patterns. Based on the
movements documented in this study, Gulf sturgeon appear to prefer the eastern
distributary upstream from Bayou Chemise as the primary travel corridor between
freshwater habitats and marine feeding grounds. The western distributary mouth was
more highly utilized by Gulf sturgeon during seasonal migrations. Interpolated habitat
maps of sediment composition and macrofauna! abundance reveal that this area
possesses both abiotic and biotic characteristics most commonly reported for foraging
Gulf sturgeon relocations from other Gulf sturgeon populations, and this area may
represent the closest nearshore foraging grounds available to Gulf sturgeon of the
Pascagoula River.
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CHAPTER I
INTRODUCTION
Acipenseriformes is an ancient order of fishes containing two monophyletic
families: Acipenseridae, which contains four extant genera of sturgeon , and
Polyodontidae, which contains two extant genera of paddlefish (Grande and Hilton,
2006). This order has maintained a Holarctic distribution for the last 200 million years,
spreading from Europe east into Asia before reaching North America during the Late
Cretaceous (Grande and Bemis, 1996; Bemis and Kynard , 1997). Acipenserids have
endured geologic time, with biogeographic analysis showing evidence of sturgeon
surviving and thriving throughout changes in continental configuration (Hsu, 1972; 1978);
glacial and inter-glacial periods and the associated changes in marine and freshwater
environments (Starkel , 1991 ; Ferguson and Duckworth, 1997). New phylogenetic
studies of sturgeon osteology have revealed natural selection favored an increasingly
benthic lifestyle (Findeis, 1997), which has proven successful since these fish have
endured two mass extinction events. Despite surviving massive global change, sturgeon
have suffered rapid decline throughout their distribution, and are currently some of the
most threatened fish worldwide (Bemis and Findeis, 1994; Waldman , 1995). The
biolog ical traits that allowed these fish to prosper over geologic time have left them
vulnerable to many anthropogenic impacts.
Acipenserid biology is characterized by large size , late maturation and long
lifespan. This combination of characteristics has buffered their populations from
stochastic environmental conditions. By delaying maturation, energy is devoted to
somatic growth, allowing sturgeon to attain larger sizes relatively quickly as well as
ensure high fecundity at sexual maturity (Roussow, 1957; Keenlyne and Jenkins, 1993).
Large size provides many benefits like decreasing predation which affects natural
mortality and increases longevity, as well as provides greater swimming ability which is
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useful for the often large spawning migrations. Despite late maturation, these
iteroparous fishes, in general, are provided several opportunities to spawn due to their
long life span. Mature males have been documented returning to spawning grounds
yearly, whereas females are skip spawners that may have more than 3 years between
spawning events (Smith, 1985; Fox et al. , 2000). While these life history characteristics
have proven stable over geologic time, they have hindered sturgeon survival in the face
of rapid anthropogenic changes and impacts.
Sturgeon display many divergent life history patterns ranging from potadromy to
anadromy, but they are all demersal freshwater spawners (Bemis and Kynard, 1997)
which has left them very susceptible to overfishing. Predictable migratory patterns led to
rapid population declines as commercial interception fisheries were built to harvest
valuable sturgeon roe. Many species were targeted globally, and within the United
States, numerous populations were decimated within a single decade of development of
commercial fishing operations (Hildebrand and Schroeder, 1928; Houston, 1987; Smith
and Clugston, 1997). Other threats to sturgeon include habitat fragmentation and
alteration due to dam construction, dredge operations, watershed development, water
quality degradation due to pollution, and bioaccumulation of toxins in these benthic
feeders (Ruelle and Keenlyne, 1993; Feist et al. , 2005; Fox et al., 2002; Yi et al., 2009).
North America is home to eight endemic species of sturgeon, which exhibit three
types of life history patterns that control the migratory patterns each species has
adapted. Lake sturgeon, shovelnose, pallid and Alabama sturgeon are potadromous
and are restricted to freshwater. The white and shortnose sturgeon are amphidromous
with adults moving to brackish waters to feed, but spawning in freshwater (Birstein,
1997). The green sturgeon, as well as both subspecies of Atlantic sturgeon are
anadromous, with adults feeding in the ocean and migrating into rivers to spawn
(Boreman, 1997).
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The Atlantic sturgeon, Acipenser oxyrinchus, is an anadromous species,
migrating as adults into rivers during spring to spawn before returning to coastal waters
to feed in the fall. The Florida peninsula separates this species into two subspecies ,
Atlantic sturgeon, A. o. oxyrinchus ranges from Labrador, throughout the Gulf of St.
Lawrence drainage, southward to St. Johns River in Florida (Gilbert, 1989). The Gulf
sturgeon, A. o. desotoi, had a historic range within the Gulf of Mexico drainages
extending from the Mississippi River eastward to Tampa Bay (Wooley, 1985). The
southern subspecies is listed as threatened under the Endangered Species Act (U.S.
Fish and Wildlife Service, 1991) with population declines being attributed primarily to
habitat loss resulting from dams, commercial fishing , and a decrease in water quality
(U.S. Fish and Wildlife Service and Gulf States Marine Fisheries Commission, 1995). In
addition, the Gulf sturgeon is state listed as endangered in Mississippi (MMNS , 2001 ).
Gulf sturgeon can be found at present from the Suwannee River in Florida to the
Pearl River in eastern Louisiana (Wooley, 1985). In Mississippi, Gulf sturgeon
historically occurred in the Pascagoula, Pearl and Mississippi rivers. Within the last
decade, there are records of Gulf sturgeon for all three drainages; however, the
occurrence of Gulf sturgeon in the Mississippi basin is based on only a single specimen
from the Big Sunflower River (Ross, 2001 ). In the Pearl River, Gulf sturgeon are more
common in the west Pearl River in Louisiana, but they are generally not found upstream
of two water control structures located near the Louisiana-Mississippi border (Kirk et al. ,
1998; Morrow et al. , 1998). A small population of Gulf sturgeon persists in the
Pascagoula drainage and has been the focus of intense research since 1997 (Heise et
al., 2004; 2005; 2009; Dugo et al. , 2004; Ross et al. , 2009).
Across the Gulf of Mexico, research has primarily examined patterns of life
history on a course scale. Gulf sturgeon spawn in the early spring (Sulak and Clugston,
1999; Heise et al., 2004), and young-of-the-year (YOY) spend 9- 10 months feeding in
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the river before they appear in the estuary in December- February (Sulak and Clugston,
1999). Juveniles(< 6 yrs; except YOY) are believed to overwinter in the estuary (Sulak
and Clugston, 1998; 1999; Sulak and Randall, 2002; Sulak et al., 2009). Sub-adult and
adult Gulf sturgeon winter in the Mississippi Sound, congregating near the passes
between barrier islands (Ross et al. , 2009). However, adult Gulf sturgeon have been
relocated in nearshore foraging grounds in other systems that were characterized as
shallow, sandy areas with known prey items available (Fox et al., 2002). The spring
migration is segregated into 2 groups, those spawning and those that are not. Spawners
enter the river in early spring and travel to the spawning grounds where they remain for
discrete spawning events, before they will move down the river to the holding area (Fox
et al., 2000; Heise et al. , 2004). In contrast, the non-spawning contingent of sub-adult
and adult Gulf sturgeon will join up with them in late May- June (Foster and Clugston,
1997; Heise et al., 2005). It is clear that the role of the estuary in the life history of Gulf
sturgeon changes with ontogeny from primary foraging habitat to a conduit, linking
resource patches in the form of spawning habitat, and summer holding areas with both
nearshore and offshore island pass feeding locales.
Estuaries are dynamic transition zones where abiotic conditions are in constant
flux. Migratory fish moving through these conduits must adapt both physiologically and
behaviorally in order to deal with rapid changes in water parameters as well as handle
changes associated with moving within a medium with a unidirectional current to the
oscillating tidal currents within the lower estuary. Freshwater fish display various
rheotactic responses to water current depending on intrinsic and extrinsic factors
(Arnold, 1974; Northcote, 1984). In estuaries, where flow is affected oy tides, migration
speed may suffer if the fish is positively rheotactic. Bernatchez and Dodson ( 1987)
found that estuary size affected rate of movement as well as directionality in
anadromous fish, with many species showing a reduced rate of migration during
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estuarine phase of spawning migration. Foster and Clugston (1997) reported that Gulf
sturgeon within the Apalachicola and Suwannee Rivers displayed reduced rates of
movement during the upstream spring migrations versus the fall downstream migration.
Knowledge of how patterns of estuarine use change with age would aid in the
conservation of this species with knowledge of fine-scale movements allowing for better
management specific to individual Gulf sturgeon populations.
Due to their anadromous life history, Gulf sturgeon are great indicators of
system-wide health because (1) successful recruitment denotes good spawning habitat
utilized by adults in upper portions of the watershed, (2) the occurrence of juveniles
denotes unimpeded downstream movement from spawning/nursery area to downstream
coastal environments (i.e., beneficial system-wide connectivity), and (3) the occurrence
of juveniles in coastal habitats speaks soundly of the availability and potential quality of
local feeding habitats as juveniles have been noted in other studies to remain in these
areas for extended periods to feed (Huff, 1975; Sulak and Clugston, 1998; Heard et al.,
2002; Fox et al., 2002; Mclelland and Heard, 2004; 2005).
This project included three large tasks: habitat mapping, population census , and
exam ination of estuarine movement patterns by individuals of all sizes, especially the
younger cohorts. Task 1 focused on gathering and analyzing discrete data in order to
build interpolated maps of sediment composition and regions of high potential prey
abundance within the larger study area. Task 2 included assessing popu lation census
methods (Sulak and Clugston, 1999; F. Parauka, USFWS, pers. comm .) as an effective
and cost-efficient measure to adequately sample Gulf sturgeon within this system. The
primary objective of this study, however, was Task 3 which included estuarine sampling
targeting juvenile and sub-adult Gulf sturgeon, following the methodology outlined in
Peterson et al. (2008).
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CHAPTER II
MATERIALS AND METHODS
Study Area
The Pascagoula River is located in south-eastern Mississippi, USA with a
watershed draining about 24,844 km 2 . Elevations within the watershed range from 0 to
198 m above sea level (United States Army Corps of Engineers, Mobile District, 1968)
with land use primarily forestry and agriculture. A recent survey found that the
Pascagoula River is the last large (> 350 m3 s·1 virgin mean annual discharge) river
system within the conterminous US with no dams or impoundments on the main channel
(Dynesius and Nilsson, 1994). The river splits into two distributaries about 23 river
kilometers (rkm) north of the mouth (Fig. 1). The eastern distributary is much altered,
with the first 12 rkm having a regularly maintained dredge channel for shipping purposes
and is bordered at the mouth by a large shipyard . The western distributary is
comparatively non-impacted shallow marsh habitat with Juncus roemerianus and

Spartina alterniflora bordering the shoreline (Peterson et al. , 2007). Bayou Chemise is a
natural tributary that joins the two distributaries at rkm 5 on the east and rkm 3 on the
west. There are also two dredged channels connecting the distributaries, one located
where Interstate 10 (1-1 0) crosses the Pascagoula and a second immediately north of
Highway 90 (Hwy 90) crossing of the river connecting to Marsh Lake.
Habitat Mapping
Biotic data for the benthic mapping portion of this study was obtained from the
Singing River Island Gulf Sturgeon Critical Habitat Benthic Community Assessment
(Vittor, 2005) conducted in August 2005 in the lower Pascagoula River (Fig . 1). During
that study, benthic samples were collected from 100 stations arranged in a nonrandom
symmetrical grid covering the lower reaches of the Pascagoula River extending to Bayou
Casette on the east (see Fig. 2) using a petite ponar grab (area= 0.023 m2 }. lnfaunal
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samples were sieved through a 0.5 mm mesh screen and preserved with 10% formalin .
In the laboratory, macrofauna! samples were rinsed gently through a 0.5 mm mesh sieve
to remove preservatives, stained with Rose Bengal, and stored in 70% isopropanol
solution. Macroinvertebrates were sorted under a dissecting microscope into separate
vials, each representing a major taxonomic group (Arthropoda, Mollusca, Polychaeta,
etc.).
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Fig. 1. Simplified map of the Pascagoula River watershed study areas. The star shows
the location of the census sampling. Location of sampling stations from Vittor (2005)
used to create habitat maps are represented by the black circles
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Fig. 2. Map of the spring 2008 VR2W automated telemetry array locations in the lower
Pascagoula River watershed. Grey circles display range (600 m) of receivers A-Q
The raw data was unavailable, so interpolation of total counts per site was used
to determine the abundance of the major faunal taxonomic groups: annelids, arthropods,
echinoderms, and 'Other' taxa . The 'Other' taxa category included organisms not
included elsewhere such as lancelets, horseshoe worms, nemertean and sipunculan
worms . Point values of the total number of individuals of each fauna group as well as
percent sand was plotted and interpolated using ArcMap (ESRI , v. 9.2). I used the
Inverse Distance Weighted (IDW) method of interpolation in the Spatial Analyst
extension, which assumes that closer points are more similar than farther points. A
mask was used to restrict the interpolation to the sample area only and remove land
masses from the analysis. The parameters used during the interpolation were 12
neighbors, power of 2 with a cell size of 30m. Taxa abundance maps generated via
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interpolation were used to identify areas where high percent sand coincided with patches
of high abundance in potential prey for the Gulf sturgeon. Depths were assessed using
NOAA nautical charts (NOAA Office of Coast Survey, 2010).
Gulf Sturgeon Capture and Handling
Gulf sturgeon were captured using anchored multifilament (60.7 x 3.0 m; 20.3 em
bar mesh; 45.7 x 3.0 m; 12.7 em bar mesh) and monofilament (71.0 m x 2.4 m ; 5.1 em
bar mesh) gill nets set on the bottom. Nets were placed both parallel and perpendicular
to flow, and the various mesh sizes were deployed depending on specific objectives (i.e.,
juvenile-sub-adult estuarine sampling , summer holding area sampling, or population
census). Soak times ranged from 1 - 3 hrs in order to limit stress on captured fish .
Every Gulf sturgeon captured was weighed (nearest 0.01 kg), and measured to total
length (TL), fork length (FL) and modified standard length (SL; nearest mm; as described
in Heise et al. , 2004). Fish were also assessed for signs of previous capture , evidenced
by the presence of either external (anchor, or T-bar tags) and/or internal (e .g., passive
integrated transponder [PIT]) tags. New captures were tagged with T-bar, PIT, and
ultrasonic tags. The T-bar tag was attached beneath the skin, dorsal on the pectoral fin,
in the fleshy region proximal to the body. A PIT tag was placed intramuscularly at the
base to the left side of the dorsal fin. A small triangular tissue sample was collected
from the distal edge of one pectoral fin for future genetic analysis; additionally, a portion
(< 1 em) of the anterior edge of the opposite pectoral fin was collected about 2 em from
the articulating joint for future age assessment (USFWS, 1993).
Each fish was also tagged with a uniquely coded low-powered ultrasonic tag
(Model V9-2L; 69 kHz frequency, 29 mm long, 9 mm diameter, 1.6 g in water, 10 month
battery life with a 60s random delay; Vemco, Nova Scotia, Canada). Prior to
deployment, tags were prepped according to procedure outlined in Sulak et al. (2009) by
securing a length of 40-lb test monofilament to the acoustic tag using 2-part epoxy and
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heat shrink tubing, leaving two tails hanging for attachment. Ultrasonic tags were placed
externally to minimize handling time and were attached at the base of the dorsal fin by
using a large gauge syringe to pierce through the fleshy portion at the base, with the
monofilament being inserted into hollow syringe. The syringe was then withdrawn,
pulling the monofilament through the fin . This step was repeated to make the second
attachment, with the tag being aligned in the same plane as the base of the dorsal fin .
The monofilament tails were pulled to bring the tag flush against the base of the dorsal,
with some slack allowed so as not to put stress on the attachment wound, and a
corrosive link was used to lock the tag in place. All tagg ing and tissue sampling wounds
were treated with Stress Coat (Aquarium Pharmaceuticals, Inc.) prior to release.
Captured Gulf sturgeon were released adjacent to a moored telemetry receiver so as to
record time of release . All fish bycatch was measured (total length (TL), em) and
identified to the lowest possible taxonomic level in the field and released.
Gulf sturgeon were categorized based on size (modified from Sulak and
Clugston, 1999), as adults (2:1 50 em TL}, sub-adults (1 01 - 150 em TL} , late juveniles
(50 - 100 em TL) and early juveniles (<50 em TL). Ages were assigned using the ageat-length relationship: age (yr) = (TL (mm)/565.86)

110 4247
·

(Sulak and Randall , 2002).

Population Census
Census sampling (modified from Sulak and Clugston, 1999; F. Parauka, USFWS,
pers. comm .) was conducted in fall2008 over 17 consecutive days ranging from 14-30
October, and again on 15 November, following a rapid rise and fall in river height due to
a seasonal front. Three anchored multifilament gill nets were deployed daily (= one net
set for calculation purposes) perpendicular to flow across the channel in decreasing bar
mesh size from upstream to downstream (20.3, 12.7 and 5.1 em). Three temperature
probes were deployed immediately downstream of the sampling site to measure surface
and bottom water temperature and air temperature. Nets were set about one hour after
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sunrise and pulled each night about one hour before sunset. All nets were checked
every two hours to minimize stress to any captured fish. All fish captured were
processes as previously described.
The census was timed to occur during fall migration in 2008 and located
upstream of the divergence of the Pascagoula River into the east and west distributaries
(Fig. 1). All Gulf sturgeon captured in this study were tagged with ultrasonic
transmitters, and migration through the lower Pascagoula was monitored via an
automated telemetry array. The data were analyzed to see how migration differed
between size classes and within the two distributaries of the Pascagoula River. The
sampling for this task was completed in fall 2008; however, the movements of fish
tagged in this event were pooled with Gulf sturgeon tagged during other efforts for
analysis of Gulf sturgeon movements within the lower estuary. Manual tracking
commenced in mid-November 2008 once every two weeks, weather and personnel
permitting, and followed the protocol described later in this section.
Estuarine Sampling
Sampling was conducted from late February through late April 2008 (hereafter,
year 1) over 16 sampling days. Sampling was also conducted between mid-January
through late April 2009 (hereafter, year 2) over 18 sampling days. Anchored gill nets
(5.1 em bar) were set perpendicular or parallel to flow and most nets were set within the
main channel of the western branch immediately south of the CRX railroad crossing
during year 1. During this time, nets were also set at the mouth of Mary Walker Bayou,
Bayou St. Pierre, LaMott Bayou and within the western portion of Bayou Chemise.
During year 2, most nets were set within Bayou Chemise. Nets were also set in the
main channel of the western branch immediately south of the CRX railroad crossing and
in several locations within the eastern distributary north of Hwy 90 (Fig. 1). All nets were
checked every two hours to minimize stress to any captured fish .
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Summer Holding Area Sampling
Sampling efforts were expanded between mid-May and mid-September over 9
sampling days in 2009 to target larger Gulf sturgeon during the summer holding period.
Sampling was conducted using anchored gill nets (20.32 em bar, 60.96 m x 3.05 m; 12.7
em bar, 45.72 m x 3.05 m) set in deep holes within the summer holding area, located
between rkm 57 and 68. Specific sites fished were based on areas were Gulf sturgeon
had been relocated and captured during previous studies (Heise et al. , 2005). These
sites include Paper Mill Camp, confluence of Big Black Creek and Pascagoula River,
and the confluence of Black and Red Creek. Drift nets (20.32 em bar, 60.96 m x 3.05 m;
12.7 em bar, 45.72 m x 3.05 m) were fished through straight stretches located
immediately upstream of Paper Mill Camp and downstream of confluence of Big Black
Creek and the Pascagoula River.
Automated Telemetry Arrays
Automated VR2W telemetry receivers (Vemco; Nova Scotia, Canada) were used
in addition to manual tracking. Receivers were positioned at the surface in a top down
orientation deployed from a large polyform buoy and marked with a sign (Sulak et al. ,
2009). Concrete blocks (68 kg) were used to anchor receivers in locations where
passage between the branches was possible. Receivers were deployed within the river
as a series of gates to observe directional movement within the river (Fig. 2, receivers A
- F; Fig. 3 and 4, receivers 1 - 6, 11 ). The receivers were arranged to monitor
movement between distributaries utilizing Bayou Chemise (Fig. 3 and 4, receivers 3 and
4). Along the mouths of the distributaries, the receivers were anchored to form curtains
of detection (Fig. 2, receivers G- Q ; Fig . 3 and 4, receivers 7- 11).
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Fig. 3. Map of the fall 2008 VR2W automated telemetry array showing the entire
Pascagoula River watershed sampled. The black circles are VR2W detection ranges of
750m radius. Receivers I-IV represent the north array. Receivers 1-5 represent the
south array, and receivers 6-11 represent the mouth array. The hatched line is the
dredged channel

14

Fig. 4 . Map of the spring and fall 2009 VR2W automated telemetry array in the lower
Pascagoula River watershed . The black circles represent individual VR2Ws' detection
ranges of 750m radius. The hatched line is the dredge channel. VR2Ws are numbered
on the map for simplification: 1 =west 1-10, 2 =east 1-10, 3 =Dredge Piles, 4 =Chemise
Bayou, 5 =east 90, 6 =Bayou St. Pierre, 7 =Gautier, 8 =Crab Traps, 9 =west Mouth,
10 = Hwy 619, 11 =east Mouth, 12 = Gautier west, 13 = Crab Traps South, 14 = Rabbit
Island South
The spring 2008 telemetry array consisted of 17 VR2Ws deployed between
January and August. It was limited to both branches immediately south of 1-1 0 and
extending about one kilometer offshore of the mouth of both distributaries. The
individual receivers (Fig. 2, A-Q) were assumed to have a range of 600 m (Mike Randall,
USGS, pers. comm.). The fall2008 telemetry array was deployed in October prior to
initiation of the fall population census. It extended from rkm 23 down both distributaries
to about two km offshore of the western branch and one km offshore of the eastern
branch. It consisted of 15 VR2W telemetry receivers which were deployed throughout
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both distributaries of the Pascagoula River. This array was divided into 3 smaller units
based on receiver locations for descriptive and analysis purposes.
The north array consists of four VR2Ws located north of 1-1 0; two in each
distributary separated by five rkm (Fig. 3, I-IV). Highway 90 was used to divide the lower
telemetry array into the south array and mouth array. The south array consisted of five
receivers monitoring movements within the two branches from 1-10 to Hwy 90, as well as
through Bayou Chemise (Fig. 3 and 4, receivers 1 - 5). Downstream of Hwy 90 was the
mouth array where six receivers were used to monitor movement associated with the
distributary mouths. The relatively undisturbed western mouth has one main channel
and two smaller channels separated by marsh islands. This region was monitored by
five receivers, with one acting as a gate (Fig. 3 and 4, receiver 6) and four deployed to
form a nearshore (one km) curtain of detection (Fig. 3 and 4 , receiver 7, 8, 9, and 10).
The coverage at the east mouth was reduced from the spring 2008 array to a single unit
(Fig. 3 and 4, receiver 11) and the detection range for each receiver was extended to
750 m based on overlapping ranges detected via duplicate detections on multiple
receivers during spring 2008. Once all tagged Gulf sturgeon were detected exiting the
telemetry array for the fall migration, three of the receivers (Fig. 3, receivers I, II and Ill)
were recovered from the north array and redeployed as a non-continuous extension
outward from the one km nearshore curtain on the western mouth for the 2009 telemetry
array (Fig. 4, receivers 12, 13 and 14). One receiver from the north array was not
recovered . Other than this change, the telemetry array for all of 2009 (Fig. 4) was the
same layout as the south and mouth array used during the fall population census (Fig.
3).

Automated Telemetry Analysis
Detection interval between seasonal migrations was calculated as the difference
in time between the first spring and last fall, or first fall and last spring and measured in
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hours divided by 24 to determine days. The automated telemetry array was divided into
either two (spring 2008, 2009; fall 2009) or three (fall 2008) portions, the estuarine area
north of Hwy 90 and the estuarine/nearshore area south of Hwy 90. Residence period
within portions of the array (i.e., north or south of Hwy 90) could be calculated in one of
two ways . The first method was used when the fish moved sequentially through one
portion (north or south) into the other portion. This produced a number of days equal to
the difference in time (hours divided by 24) between the first detection within the second
portion and the first detection within the first portion. The second method handles those
instances where the movement pattern observed was non-continuous; that is, when the
detections were not considered sequential spatially or temporally. A spatial discontinuity
is when a Gulf sturgeon moved between two non-adjacent receivers without being
detected on receivers deployed to monitor passage through that area. For example, if a
Gulf sturgeon was detected at receiver 2 then the next detection was at receiver 9 (see
Fig. 3 or 4 locations). In order to calculate residence time in this case, the last known
detection within the north array was subtracted from the first within the north array and
the last detection within the south array was subtracted from the first detection within the
south array. Thus, I generated conservative estimates of residence time within each
section of the array separately.
Temporal discontinuity may result from long periods of reduced activity or
nonlinear movement of the Gulf sturgeon resulting in long periods of time between
detections at adjacent receivers . This could also result from the Gulf sturgeon passing
undetected by a receiver before being detected again. Absences of seven days or
greater were not included in calculations of residence times. In these cases, the
difference in time between the last detection before the temporal break was subtracted
from the first and summed with the time calculated after the temporal break. The
calculations presented are considered conservative estimates of residence time, and the
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actual residence time within the two segments of the array should be considered a
minimum.
Calculations of time spent in each distributary (i.e. , west vs. east) excludes any
time the Gulf sturgeon spent within Bayou Chemise. Use of Bayou Chemise as a
conduit was determined based on sequential detection at both the east (receiver 3) and
west end (receiver 4 ; see Fig. 3 and 4 for these locations) of the bayou. In these
instances, the last detection within each distributary were used to calculate time within
each branch. For example, time in west distributary was calculated as the first detection
within the west (or after a temporal break) subtracted from the last detection at the
western mouth of Bayou Chemise (receiver 4).
Manual Tracking
Manual tracking was used to locate tagged individuals when outside of the
automated telemetry array. A directional hydrophone with a detection range of 900 m
and a VR-100 (Vemco, Nova Scotia, Canada) tracking unit were deployed from an
anchored boat with the engine turned off at each river bend. Along straight passages
the boat was stopped to allow listening every 1.8 km. Offshore of the distributary
mouths', tracking was conducted along transects roughly parallel to shore about one km
from shore. Manual tracking was conducted weekly, weather permitting, from the first
capture until the receivers were pulled at the end of August during year 1. Gulf sturgeon
relocations were georeferenced and characterized in terms of dissolved oxygen (mg/L),
salinity (ppt), and depth (m). Tracking within the estuary was conducted by starting at a
random location within the lower array (south of 1-1 0) and moving towards the nearest
automated receiver, following the methods previously described. Manual tracking was
then conducted throughout the entire array. When tracking was conducted within the
summer holding area, it was conducted following the riverine methods searching deep
holes where Gulf sturgeon have been located and captured in the past (Heise et al.,

18

2005). During year 1, the listening intervals lasted 10 minutes, with the hydrophone
being slowly rotated several times during that interval. In year 2 of the study, the
listening interval was shortened to five minutes.
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CHAPTER Ill
RESULTS
Habitat Mapping
The interpolated map of percent sand composition (Fig. 5) revealed that sand is
widely deposited throughout the estuary, but the western distributary mouth and
adjacent area had larger areas of higher percent sand when compared to the eastern
area. Areas that were

~

80% sand were enclosed in black dashed rectangles and are

superimposed on the major taxonomic group abundance maps in order to show where
areas of high potential prey and high percent sand coincided for the 2005 data. The
annelid map (Fig. 6) revealed a patchy distribution of discrete areas of high abundance,
with several occurring in combination with a high percent sand substrate. The arthropod
map (Fig . 7) showed a single area immediately west of the west mouth with high
abundance of arthropods, which coincides with an area containing high percent sand.
Only two patches of high relative abundance of echinoderms were revealed on the
habitat map and were not associated closely with sand substrate (Fig. 8). The 'Other'
taxonomic group displayed a greater degree of patchiness in the distribution of those
areas with a higher abundance of organisms , with several occurring in combination with
sandy substrates (Fig. 9). These patches were generally smaller than those seen for
other taxa groups. All of these maps illustrate that sandy substrates rich in potential
prey are present as a subset of the total estuarine area sampled within the river mouth of
the Pascagoula River.
Total Effort Assessment
Sampling during this project was conducted for 60 d over 11 months throughout
a two year period with a total of 81 ,947 net-meter-hours. Eight Gulf sturgeon were
captured during this time and ranged in size from 81- 196 em TL and weight ranged
from 3.6- 52.6 kg . The sturgeons were categorized based on TL as two adults, three
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sub-adults, and three late juveniles. The majority of the sampling (61 .8%) was
conducted in the lower estuary and resulted in the capture of two sturgeon (a sub-adult
and a late juvenile) in Bayou Chemise; a natural tributary that joins the east distributary
at rkm 5 and the west distributary at rkm 3. Fall sampling efforts consisted of testing a
population census method that has been successfully employed in other drainages. The
census was conducted upstream of the divergence of the two main distributaries and
accounted for 32.5% of all effort. Five sturgeon (two adults, one sub-adult, and two late
juveniles) were captured during the population census, including a recapture of an adult
Gulf sturgeon originally processed and tagged in 2000. During year 2 of sampling ,
efforts were expanded and included sampling in the summer holding area, which
accounted for 5.6% of all effort and resulted in the capture of a single sub-adult Gulf
sturgeon.
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Fig. 5. Map of the interpolated (Inverse Distance Weighted approach) percent sand
areas in the lower Pascagoula River watershed . The areas enclosed within the dashed
rectangles are those areas with 80% sand or greater (Vittor, 2005)
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Fig. 6. Map of the interpolated (Inverse Distance Weighted approach) annelid
abundance in the lower Pascagoula River watershed. The areas enclosed within the
dashed rectangles are those areas with ~ 80% sand (Vittor, 2005)

Legend
Arthropod abundance

Fig. 7. Map of the interpolated (Inverse Distance Weighted approach) arthropod
abundance in the lower Pascagoula River watershed . The areas enclosed with in the
dashed rectangles are those areas with ~ 80% sand (Vittor, 2005)
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Echinoderm Abundance

•
Fig. 8. Map of the interpolated (Inverse Distance Weighted approach) echinoderm
abundance in the lower Pascagoula River watershed . The areas enclosed with in the
dashed rectangles are those areas with ~ 80% sand (Vittor, 2005)
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Fig. 9. Map of the interpolated (Inverse Distance Weighted approach) of the 'Other' taxa
in the lower Pascagoula River watershed. The areas enclosed within the dashed
rectang les are those areas with ~80% sand (Vittor, 2005)
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Spring Estuarine Sampling 2008
Estuarine sampling in 2008 included 62 net sets (each comprised of a single net;
see methods) over 16 sampling days for a total effort of 25,987 net- m- hrs (net length
in meters multiplied by sample time in hours). The total catch-per-unit-effort (CPUEr,
calculated as the number of fish captured per net- m- hrs) was 0.036. A total of 958
fishes were caught, representing 11 families and 19 species (Table 1). No Gulf sturgeon
were captured within the main portion of the western branch, so sampling locations were
spread out to include areas with anecdotal reports of sturgeon landing or sightings.
Those areas include La Mott Bayou, Bayou St. Pierre, Mary Walker Bayou and Bayou
Chemise. A single Gulf sturgeon was captured(# 9468) on 4/2/2008 within Bayou
Chemise (Table 2). It was categorized as a late juvenile based on 87 em TL, and aged
at about 2. 7 yrs (Sulak and Randall , 2002). Based on this one capture, the CPUE for
Gulf sturgeon= 0.000038.
Spring Estuarine Movements 2008
This Gulf sturgeon (# 9468) was manually relocated 10 d later and tracked for
two hours in the main portion of the west branch north of the railroad tracks before I was
unable to continue tracking due to interference from heavy boat traffic. This fish was
detected on only two receivers on four days for a total of 174 detections before being not
undetected until10/14/2008, when it was detected by the north array (upstream sites)
that was deployed for the population census .
A second Gulf sturgeon was detected within the spring 2008 telemetry array.
This sturgeon was tagged 21 June 2005 in the Yellow River in Florida, with an internal
tag(# 812) and a battery life of 1100 d (F. Parauka, USFWS, and M. Randall, USGS,
pers. comm .). It was first detected west of the mouth of the west branch on 16 March
2008 before moving within range of three receivers near the mouth of the main channel
of the western branch. There were several detections that were picked up
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simultaneously by several receivers (based on these the detection range on subsequent
telemetry arrays was expanded to 750 m). This sturgeon moved at least as far north as
Hwy 90 on 17 March 2008 and was last detected on 18 March 2008 in the same area .
This sturgeon was within the study area for three days and was detected on seven
receivers with a total of 151 detections.
Table 1

Catch totals for all 2008 sampling including number of individuals captured by season,
as well as range and mean total length (TL) per species.
Famil~

SE!eeies

SE!rin9

Fall

Individuals Caught
Total Ranse TL ~em~ Averase TL

Careharhinidae
Carcharhinus leucas

3

3

99- 129

113.0

6

6

20-28

23.8

Dasyatidae
Dasyatis sabina

Aeipenseridae
Acipenser oxyrinchus desotoi

1

5

6

81 -196

125.7

1
404

3
1

4
405

60-106
41- 177.4

79.1
99.2

6
55

6
55

16.5-44
11 .8-29

24.9
21 .6

170
124

170
124

17.4-50
39.8-71

36.8
54.4

1

1

44.0

44.0

5

87

22.2-47

31 .5

4
1
2
10
22
6

4
1
2
10
22
7

26-33
42 .6
23-28
16.6-23
27.6-49
32.3-102

28 .2
42 .6
25.5
19.8
34.4
58.3

11

11

43.4-72.2

57.6

8

8

19-25

22.1

26

25-49

33.3

Lepisosteidae
Lepisosteus oculatus
Lepisosteus osseus

Clupeidae
A/osa chrysochloris
Brevoortia patronus

Ariidae
Ariopsis felis
Bagre marinus

Mugilidae
Mugil cephalus

Sparidae
Archosargus probatocephalus
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Seiaenidae
Cynoscion arenarius
Cynoscion nebulosus
Menticirrhus americanus
Micropogonias undulates
Pogonias cromis
Sciaenops ocellatus

Seombridae
Scomberomorus maculates

Stromateidae
Peprilus alepidotus

Paraliehthyidae
Paralichth't_S tethosti2ma
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Table 2
Summary data of captured Gulf sturgeon in the Pascagoula River watershed.
Capture

TL (em)

FL (em)

SL (em)

Weight
(kg)

Age
Category

Fish Tag
#

4/2/2008

87

78

73

3.6

LJ

9468

10/14/2008

196

189

178

52.6

A

9466

10/24/2008

99

87

83

6.4

LJ

9464

10/28/2008

121

110

102

11 .9

SA

9469

10/28/2008

170

157

148

31.7

A

9459

10/28/2008

81

74

69

4.4

LJ

9463

3/11 /2009

107

96

90

6.0

SA

9460

9/9/2009

145

135

124

17.7

SA

9474

Note. (LJ =late juvenile, SA =sub-adult, A= adult. TL =total length; SL =standard
length; and FL fork length)

=

Population Census
There were 18 net sets (com prised of three nets each; see methods) over 18
sampling days (14- 30 October, and 15 November 2008) for a total of 26,646 net- mhrs. The CPUET was 0.00075. A total of 20 fishes were caught, representing six
families and seven species (Table 1). Five Gulf sturgeon were captured between 14
October and 28 October (Table 2). Gulf sturgeon CPUE was 0.000188 and sizes
ranged from 81 - 196 em TL, and 4.4- 52.6 kg . These fish were categorized as two
adults (#'s 9459, 9466), one sub-adult(# 9469), and two late juveniles (#'s 9463, 9464)
based on TL and ages ranged from 2.3- 18.6 yrs (Sulak and Randall, 2002). Surface
water temperature during this time ranged from 24.5

·c to 16.7 ·c. mean of 21 .3 ·c.

One adult(# 9466) was a recapture that was initially collected 14 June 2000, during a
previous study, within the summer holding area. Water level in the vicinity of the census
site was measured using gage height (m (ft)) at the USGS Graham Ferry station no.
02479310, located 23.8 rkm from the sampling location. A 1.8 m (6ft) peak occurred on
11 October 2008, with water level quickly dropping 0.61 m (2ft) over two days, before
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the water level started a steady decline from 1.22 m (4ft) on 13 October 2008 to 0.76 m
(2.5 ft) on 25 October 2008.
The one late juvenile (# 9468) captured during estuarine sampling in spring 2008
was detected within the fall census telemetry array and its movements were pooled with
those captured during the population census; however, this sturgeon was excluded from
the calculation of the interval between capture and entering the north array. The interval
between the time of capture and the time of first detection within the north telemetry
array ranged from 1.9- 10.8 d, and averaged 4.9 d (Table 3). Seasonal residence
within the array was calculated as the difference in time from the first to last detection
within the seasonal array. Residence time in the fall 2008 telemetry array ranged from
3.1 d to 17.2 d, and average 7.6 d . Tagged fish were detected in the north array
between 25 October and 7 November, and the residence time within this array varied
from 0.8-7.8 d, and averaged 3.7 d (Table 3). However, this excludes the first fish (#
9468), as it was detected for less than an hour at one receiver before going undetected
for more than two weeks before it was again detected in the opposite distributary moving
south through the north array.
Only a single fish , a late juvenile (# 9464), was detected traveling south through
the north array via the western distributary (Fig. 10). All other Gulf sturgeon were
detected traveling south via the eastern distributary; however, one late juvenile (# 9468)
was first detected in the north array in the western distributary on 14 October, where it
remained for 0.03 d before going undetected for 16.9 d. It was next detected in the north
array on 3 1 October within the eastern distributary and those movements were pooled
with the four Gulf sturgeon tagged during the fall census that traveled to the south array
via the eastern distributary (Fig. 10). This was the only sturgeon that was detected in
both distributaries by the north array. Upon entering the south array, more variation was
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seen in residence time, minimum distance traveled , time spent within each distributary,
and direction of travel.
Table 3
Time spent in days and expressed as a percentage in east versus west distributaries for
each tagged fish within the fall 2008 telemetry array.
Tag number(s)

Size category
Capture until 1st
detection North Array
(days)
Time within North
(days)

#9459

#9463

#9464

#9466

#9468

#9469

Adult

Late
Juvenile

Late
Juvenile

Adult

Late
Juvenile

Sub
Adult

2.5

1.9

4.4

10.8

NA

5

0.8

7.8

7.8

1

2.8

1.8

%Time east

100%

100%

0%

100%

98.9%

100%

% Time west

0%

0%

100%

0%

1.10%

0%

Time in South (days)

% Time east
% Time west
Time in Mouth (days)

0.5

33.5%
66.5%
1.8

8.7*

41.0%
58.9%*
0.7

0.9

0.0%
100.0%
0.03

2.2

0.5

100.0%

100%

0.0%
0.003

1.9

0%

84.9%
15.1%
6.8

0

% Time east

0%

0%

0%

100%

0%

0%

%Time west

100%

100%

100%

0%

0%

100%

Note. NA =not applicable (see text). Asterisk(*) =based on assumption that fish
actually travelled through Bayou Chemise even though it was only detected at the
receiver located at the east mouth and then later at the mouth of the western
distributary. Thus, time spent in west distributary is an overestimation because it
includes time in Bayou Chemise
Tagged Gulf sturgeon were detected within the south array between 26 October
and 16 November, and residence time within the south portion of the array ranged from
0.5-8.7 d and averaged 2.5 d. The minimum distance traveled within this portion of the
array ranged from 8.4 - 38.2 rkm and averaged 15.9 rkm . Residence time within the
mouth array ranged from 0.003- 6.8 d, and tagged sturgeon were only detected in the
region from 28 October until 16 November (Table 3). Three Gulf sturgeon were only
detected traveling in a downstream direction within this portion of the array (#'s 9459,
9464, 9468, Fig. 11 ). Of the five Gulf sturgeon that entered the south array via the
eastern distributary, only an adult (# 9466) and a late juvenile (# 9468) rema ined entirely
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within the eastern distributary. The adult remained within the south array for 2.2 d and
traveled back and forth between 1-10 and Hwy 90 three and a half times before it moved
to the eastern mouth array (Fig. 11 ). During this time , it was located at three receivers
(2, 3 and 5, Fig. 3) with 409 detections during this period. It then traveled out of the
telemetry array via the eastern distributary mouth, where it remained for a very short
time (0.003 d). This sturgeon was last detected within the mouth array at the mouth of
the eastern distributary (receiver 11 , Fig. 3 and 12) on 28 October. The late juvenile (#
9468) remained within the south array for only 0.5 d and was located at three receivers
(2, 3 and 5, Fig. 3) with 23 detections during this period. This sturgeon was not detected
traveling downstream out of the telemetry array via either distributary and was last
detected within the south array at the receiver located at east Hwy 90 (receiver 5; Fig. 3
and 11) on 3 November. The remaining three Gulf sturgeon that entered from the north
via the eastern distributary were only detected traveling as far south as the east mouth
of Bayou Chemise (Fig. 11 ).
Two Gulf sturgeon (#'s 9459, 9469) were detected using Bayou Chemise as a
conduit to reach the western distributary. The adult (# 9459) traveled relatively quickly
through the south array over 0.5 d, it spent 33.5% of this time moving south to the
eastern mouth of Bayou Chemise and it spent the remaining 66.5% of its time traveling
south via the western distributary. Over this time , it was located at three receivers (2 , 3
and 4, Fig. 3 and 11) with 83 detections. This Gulf sturgeon was detected traveling
entirely through the western mouth array for 1.8 d and was located at three receivers (9,
8 and 7, Fig. 3) with 231 detections during this period. It was last detected within the
mouth array at receiver 7 on 3 November (Fig. 3 and 12). The sub-adult (# 9469)
traveled slower through the south array over 1.9 d, and spent a much greater portion of
this time (84.9%) moving south to the eastern mouth of Bayou Chemise while spending
the remaining 15.1% of its time traveling south via the western distributary. Over this
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time, it was located at three receivers (2, 3 and 4 , Fig . 3) with 196 detections (Fig. 11 ).
This Gulf sturgeon was detected traveling entirely through the western mouth array for
6.8 d, and was located at three receivers (8, 6 and 7, Fig. 3) with 62 detections during
this period (Fig. 12). It was later detected reentering the south array were it remained for
3.5 d, during this period it traveled entirely within the western distributary at least as far
north as 1-10 and was located at two receivers (4 and 1, Fig. 3) with 106 detections
during this period (Fig. 11 ). Upon exiting the south array, it remained for a very short
period within the western mouth array (0.03 d) and was only relocated at a single
receiver (10, Fig. 3) with 31

dete~tions

(Table 3; Fig . 12). It was last detected within the

mouth array at receiver 10 on 16 November (Fig. 3 and 12).
A third sturgeon(# 9463) is assumed to have used Bayou Chemise as a conduit
to travel between the eastern and western distributaries. The assumption results from
the fact that this late juvenile was only detected traveling downstream within the eastern
distributary as far as the east mouth of Bayou Chemise. It went undetected for 5.2 d
before being relocated at the receiver located at the main channel of the western mouth
(receiver 9; Fig. 3). The assumption is that the undetected path of travel was through
Bayou Chemise (Fig. 11 ). This is the most conservative estimate as it is both the
shortest path between these two receivers (3 and 9, Fig. 3) as well as would require that
the tagged sturgeon would only go undetected by a single receiver (4; Fig. 3). In
contrast, this fish may have traveled between these receivers by way of a man-made
channel connecting the distributaries at 1-10. If this path was traveled, this fish would
have gone undetected by three receivers and traveled a greater distance. By including
the time undetected during its spatial discontinuity as time within the south array, this
Gulf sturgeon spent 8.7 d within the south array and was located at two receivers (2 and
3, Fig. 3) with 594 detections (Fig. 11 ). This sturgeon spent 41 .0% of this time traveling
downstream to the eastern mouth of Bayou Chemise. The time spent in the western
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distributary (58.9%) is an overestimate as it includes the time spent within Bayou
Chemise. This late juvenile spent a relatively short time entirely within the mouth array
for 0.7 d and was located at two receivers (9 and 7, Fig. 3) with 9 detections (Table 3,
Fig. 12). It was last detected within the mouth array at receiver 7 on 16 November (Fig.
3 and 12).
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Fig. 10 Fall 2008 telemetry movements observed within the north array in the upper
Pascagoula River watershed
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Fig. 11 . Fall 2008 telemetry movements observed within the south array in the lower
Pascagoula River watershed
The last Gulf sturgeon (# 9464) tracked during this time was the only sturgeon to
migrate entirely within the western distributary. This sturgeon entered the south array
and remained for 0.9 d and was located at two receivers (1 and 4, Fig. 3) with 60
detections before it traveled downstream to the mouth array (Fig. 11 ). It remained for a
very short time (0.03 d) within the western mouth array and was only located at one
receiver (6, Fig. 3) with 27 detections during this period (Table 3, Fig. 12). It was last
detected within the mouth array at receiver 6 on 6 November (Fig. 3 and 12).
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Fig. 12. Fall 2008 telemetry movements observed within the mouth array in the lower
Pascagoula River watershed
Spring Estuarine Sampling 2009
There were 59 net sets (each comprised of a single net; see methods) over 18
sampling days (12 January to 30 April 2009) for a total effort of 24,680 net- m - hrs.
The CPUEr was 0.0075. A total of 619 fish were caught, representing 9 families and 19
species (Table 4). A single Gulf sturgeon was captured and processed (# 9460) on
3/11/2009 within Bayou Chemise (Table 2). It was categorized as a sub-adult based on
107 em TL, and aged at about 4.5 yrs (Sulak and Randall, 2002). Based on this one
capture, the CPUE for Gulf sturgeon was 0.0000405. Automated telemetry results of
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this fish from year 2 were combined with fish tagged during year 1 that returned for the
spring migration.
Table 4
Catch totals for all 2009 sampling including number of individuals captured by season,
as well as range and mean total length (TL) per species.
Individuals Caught
Family

Species

Total

Range TL
(em)

Average
TL (em)

20

14.6-44

23.5

2

107 - 145

126

149

149

74.8-195

98.7

2
14
5

2
14
5

23.9-25.5
14.4- 31
36.5-41 .6

24.7
22.8
38.5

2

93-95

94

49
24

49
24

10.2- 50
42.3-64

39.6
53

2

2

49 - 50.3

49.6

122

122

18 -52

33.1

8
6
5

8
6
5

57
120
21

57
120
21

17.4 - 22.8
24.9 - 34.2
32 - 55.9
23.8
32.4
15.2- 33
27.8-61.3
18- 86.4

19.6
28.8
43.2
23.8
32.4
20.1
34.4
54.8

9

9

26.4-36.6

32.4

Spring

Dasyatidae
Dasyatis sabina
Acipenseridae
Acipenser oxyrinchus desotoi
Lepisosteidae
Lepisosteus osseus
Clupeidae
Alosa chrysochloris
Brevoortia patronus
Dorosoma cepedianum
Cyprinidae
Ctenopharyngodon idella
Ariidae
Ariopsis felis
Bagre marinus
Mugilidae
Mugil cephalus
Sparidae
Archosargus probatocephalus
Sciaenidae
Bardiella chrysoura
Cynoscion arenarius
Cynoscion nebulosus
Leiostomus xanthurus
Menticirrhus americanus
Micropogonias undu/atus
Pogonias cromis
Sciaenops ocellatus
Paralichthyidae
Paralichthys lethostigma

Summer

20

2

Spring Estuarine Movements 2009
Of the six Gulf sturgeon tagged in 2008 during year 1, only three were detected
returning to freshwater during the spring 2009 migration. The movement of these three
(#'s 9463, 9464, and 9469), two late juveniles and a sub-adult, respectively , were pooled
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with the movements recorded for the one sub-adult captured during spring 2009
sampling (# 9460 ; Table 2). Examination of the interval between last fall 2008 detection
and first spring 2009 detection revealed variation in behavior. This interval averaged
107.3 d, ranging from 45.2 to 150.6 d. Gulf sturgeon# 9463 was observed making a
discrete incursion into the river lasting 9.7 d between 1 and 10 January 2009. It was
located at four receivers (4, 1, 6 and 11 , Fig. 4) with 69 detections within this period .
This Gulf sturgeon spent 43.7% of its time in the mouth array, south of Highway 90 (Fig.
13); however, it did travel as far north as the receiver located at west 1-10, accounting for
the other 56.3% of its time (Fig . 14). It was observed spending more than 99.9% of its
time within the western distributary before briefly being detected at the mouth of the
eastern distributary (receiver 11 ; Fig. 4 and 13). This Gulf sturgeon then went 93.3 d
undetected. By excluding this discrete incursion from the calculation of the interval
between the last 2008 detection and first 2009 detection associated with migratory
behavior, the mean increased to 141 .7 d, and the range narrowed to between 126.1 and
150.6 d.
Seasonal residence of tagged Gulf sturgeon in the spring 2009 telemetry array
ranged from 5.5 to 33.1 d, with a mean of 16.2 d; however one fish(# 9463) went
undetected for 14.5 d, presumably between two receivers north of Hwy 90. If this period
is added to the seasonal residency, the mean residency time within the spring 2009
array increases to 19.8 d. First spring detection of tagged Gulf sturgeon ranged from 12
March to 16 April. Two Gulf sturgeon were initially detected during the spring migration
within the telemetry array in March 2009. Sub-adult # 9460 was captured, tagged and
released at the western mouth of Bayou Chemise (receiver 4 ; Fig. 4) on 11 March. It
remained within the western distributary for 4 .9 d between 11 and 16 March 2009 and
was located at five receivers (4, 6, 14, 7 and 9, Fig. 4) with 69 detections within this
period. This sturgeon spent 47.0% of this time period north of Hwy 90 (Fig. 15), then
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moved south, and spent the remaining 53.0 % of time around the mouth of the western
distributary (Fig. 16). It then went undetected for 32.1 d. This sturgeon was relocated
on 17 April at west 1-10 (receiver 1; Fig. 4), remained there for 0.28 d with 148
detections, and then went undetected for 11 .8 d. On 29 April , it was again relocated at
west 1-10 (receiver 1; Fig. 4) and remained within the western distributary for 27.2 d
between 29 April and 26 May 2009 and was located at two receivers (1 and 4, Fig. 4)
with 987 detections. This Gulf sturgeon spent 100% of this time north of Hwy 90 (Fig.
15). It then used Bayou Chemise as a conduit to reach the eastern distributary where it
remained for 0.5 d being located at two receivers (3 and 2, Fig. 4) with 48 detections
within this period. This Gulf sturgeon was only detected moving upstream within the
eastern distributary and was last detected within the south array in spring 2009 at east 110 (receiver 2; Fig. 4 and 15) on 27 May.
The second Gulf sturgeon was the late juvenile(# 9464) which was first detected
outside of the western distributary on 12 March (receiver 8; Fig. 4) after 126.1 d
undetected since the fall 2008. It remained within the western distributary for 9.3 d
between 12 and 22 March 2009 and was located at four receivers {8 , 7, 6 and 9, Fig. 4)
with 302 detections within this period. The Gulf sturgeon spent 100 % of this time period
south of Hwy 90 (Fig. 16). It then went undetected for 7.2 d, before being relocated
again on 29 March at the Bayou St. Pierre location (receiver 6; Fig. 4). It remained
within the western distributary for 3. 7 d between 29 March and 1 April 2009 and was
located at four receivers {6, 14, 13 and 9, Fig. 4) with 98 detections. The Gulf sturgeon
spent 100 % of this time period south of Hwy 90 (Fig. 16). After a period of 11.6 d
undetected, this sturgeon was relocated within the north portion of the array on 13 April
at the western mouth of Bayou Chemise (receiver 4 ; Fig. 4). It remained within the
western distributary for 4 .8 d between 13 and 18 April 2009 and was located at three
receivers {4, 9 and 14, Fig. 4) with 103 detections (Fig. 15 and 16). During this period,
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this Gulf sturgeon was only detected traveling downstream entirely within the western
distributary. It spent 72.2 % of this period north of Hwy 90 (Fig. 15) and the remainder
was spent around the mouth of the western distributary (Fig. 16). This fish then went
undetected for 9. 7 d before being relocated again on 28 April at the mouth of the eastern
distributary (receiver 11 ; Fig. 4). It remained within the eastern distributary for 1.4 d
between 28 and 29 April 2009 and was located at four receivers (11 , 3, 5 and 2, Fig. 4)
with 62 detections. This Gulf sturgeon was only detected traveling upstream within the
eastern distributary where it spent 72.9% of this time period south of Hwy 90 (Fig. 16). It
then moved upstream and spent the remainder of this time within the south array (Fig.
15) and later went undetected for six days and was next detected on 5 May at the
receiver located at west 1-10 (receiver 1; Fig. 4). This Gulf sturgeon was not detected at
any downstream receiver located between east 1-10 (receiver 2; Fig. 4) and west 1-10
(receiver 1; Fig. 4) and the exact path traveled is unknown (Fig. 15). A man-made
channel runs parallel and beneath the 1-10 overpass and would offer the shortest route
between these two receivers. In addition , several natural waterways connect the two
distributaries in this area, and this fish may have used either of these routes during the
undetected period. The south array was not deployed in a way that allows the resolution
of the path this fish traveled. It remained within the western distributary for 4.8 d
between 5 and 10 May 2009 and was located at two receivers (1 and 4, Fig. 4) with 87
detections. This sturgeon spent 100% of this time north of Hwy 90 (Fig. 15) and was last
detected within the south array during spring 2009 at the Bayou Chemise location
(receiver 4; Fig. 4) on 10 May.
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Fig. 13. Movements south of Hwy 90 of single Gulf sturgeon observed making a
discrete incursion within the mouth array during early spring 2009
The two remaining Gulf sturgeon tracked during the spring 2009 migration were
initially detected within the telemetry array in April. The first fish was a late juvenile (#
9463) and had one previous incursion in early 2009 that was described previously (Fig.
13 and 14) which was considered a discrete event separate from the spring migration. It
was next relocated on 14 April within the eastern distributary at the eastern mouth of
Bayou Chemise (receiver 3; Fig. 4) after 148.3 d undetected from fall 2008. It remained
within the eastern distributary for 1.1 d between 14 and 15 April 2009. It was located at
two receivers (13 and 5, Fig. 4) with 25 detections, with 100% of its time spent north of
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within the eastern distributary north of Hwy 90 at the receiver located at east 1-10
(receiver 2; Fig. 4). It remained within the eastern distributary for 1.2 d between 29 and
30 April 2009 and was located at one receiver (2, Fig. 4) with 14 detections. This Gulf
sturgeon spent 100% of this time north of Hwy 90 (Fig. 15) and was last detected within
the south array during spring 2009 at the east 1-10 location (receiver 2; Fig. 4) on 30
April.
The final Gulf sturgeon tracked during spring 2009 was the sub-adult (# 9469). It
was initially relocated during spring migration on 16 April within the eastern distributary
at the receiver located immediately north of Hwy 90 (receiver 5; Fig. 4) after 150.6 d
undetected from fall 2008. It remained within the eastern distributary for 3.6 d between
16 and 19 April 2009 and was located at three receivers (3, 5 and 2, Fig. 4) with 11 8
detections. This Gulf sturgeon was detected 100% of this time period north of Hwy 90
(Fig. 15). It went undetected for 1.4 d before being relocated at the Gautier location
(receiver 7; Fig. 4), west of the mouth of the western distributary on 21 April. This
sturgeon was not detected at any receivers located between east Hwy 90 (receiver 5;
Fig. 4) and the Gautier location (receiver 7; Fig. 4) and the exact path traveled is
unknown. Once within the western distributary, it moved upstream over 0.5 d and was
located at four receivers (7, 8, 1 and 4, Fig. 4) with 68 detections. The sturgeon spent
36.2 % of this time period south of Hwy 90 (Fig. 16) and spent the remaining 63.8 %
north of Hwy 90 (Fig. 15). This Gulf sturgeon was last detected within the south array
during the spring 2009 at west 1-10 (receiver 1; Fig. 4) on 21 April.
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Fig. 14. Movements north of Hwy 90 of single Gulf sturgeon observed making a discrete
incursion within the south array during early spring 2009
Summer Holding Area Sampling
There were 13 net sets over nine sampling days (19 May to 10 September 2009)
for a total effort of 4,634 net- m- hrs. The total CPUET was 0.0006. A total of three
fishes were caught representing two families and two species (Table 4). A single Gulf
sturgeon was captured and processed(# 9474) on 9/09/2009 using a drift net
immediately upstream of the deep hole located at Paper Mill Camp (Table 2). It was
categorized as a sub-adult based on 145 em TL, and aged at about 9.2 yrs (Sulak and
Randall , 2002). Based on this one capture, the CPUE for Gulf sturgeon was 0.0002.
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Automated telemetry results of this fish were combined with tagged Gulf sturgeon
detected during the fall 2009 migration.
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Fig. 15. Spring 2009 migratory movements through the south array north of Hwy 90 in
the lower Pascagoula River watershed
Fall Estuarine Movements
Of the four Gulf sturgeon tracked during the spring 2009 migration, only one was
detected returning to saltwater during the fall 2009 migration. The movements of this
sub-adult (# 9460) were pooled with those movements recorded for the one sub-adult
captured during summer 2009 sampling(# 9474). Sub-adult# 9474 was captured ,
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tagged and released within the summer holding area on 9 September 2009 and
remained undetected for 38.8 d before being relocated within the estuarine telemetry
array on 18 October at the west 1-10 location (receiver 1; Fig. 4). This Gulf sturgeon was
documented traveling downstream entirely within the western distributary over 19.8 d
between 18 October and 7 November 2009 and was located at eight receivers (1, 4, 6,
12, 7, 14, 9 and 8, Fig. 4) with 78 detections. This Gulf sturgeon was detected 10.5% of
this time period north of Hwy 90 (Fig. 17) and spent the remaining 89.4% south of Hwy
90 around the mouth of the western distributary (Fig. 18). This Gulf sturgeon was last
detected within the mouth array during fall 2009 at receiver 8 (Fig. 4) located 1.4 km
west of the main mouth of the western distributary on 7 November (Fig. 18).
The final Gulf sturgeon tracked during fall 2009 was the sub-adult # 9460. It was
initially relocated during fall migration on 13 November within the eastern distributary at
the eastern mouth of Bayou Chemise (receiver 3; Fig. 4) after 170.0 d undetected from
spring 2008. It was relocated at this one receiver {3 , Fig. 4) for a single detection before
it used Bayou Chemise as a conduit to reach the western distributary. It remained within
the western distributary for 3.6 d between 14 and 17 November 2009 and was located at
four receivers {6, 4, 14 and 12, Fig. 4) with 33 detections. This Gulf sturgeon was
detected 2.3% of this time period north of Hwy 90 (Fig. 17) and the remaining 97.7%
south of Hwy 90 around the mouth of the western distributary (Fig. 18). This sturgeon
was undetected for 4.3 d and was next relocated around the mouth of the eastern
distributary on 22 November, where it was relocated at one receiver (11 , Fig. 4) with two
detections. This sturgeon was last detected within the mouth array during fall 2009 at
the mouth of the eastern distributary (receiver 11 ; Fig. 4) on 22 November (Fig. 18).
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Fig. 16. Spring 2009 migratory movements through the mouth array south of Hwy 90 in
the lower Pascagoula River watershed
Manual Tracking
Manual tracking commenced 9 d post release of our first tagged sturgeon.
Tracking was started from a random point within the south and mouth arrays , at which
point the boat covered the area of the array as well as 2 - 4 rkm upstream from 1-1 0 in
each branch. Manual tracking in year 1 was conducted over 13 days for a total of 78
hrs. It was conducted between 13 April and 16 July, and the mean tracking day was 6
hrs. The single late juvenile Gulf sturgeon (# 9468) tagged in year 1 was relocated
within the lower estuary, 4 .5 rkm upstream of the Hwy 90 crossing. It was found at a
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depth of 6.4 m, with a water temperature of 21 .7

·c. Manual tracking ceased when the

automated array was pulled at the end of July 2008.
Following the fall census, manual tracking was attempted over 2 tracking days for
a total of 15 hrs. It was conducted between 6 and 23 November, within the lower
estuary and was unsuccessful in locating the 6 fish tagged at this point. This is
supported by the automated telemetry data which shows no detections of Gulf sturgeon
within the lower estuary after 16 November.
Manual tracking in year 2 was conducted throughout the summer and early fall
within both the lower estuary and in the upriver summer holding areas over 16 days
(between 13 May and 6 November) for a total of 54.5 hrs, and the mean tracking day
was 3.5 hrs. No Gulf sturgeon were detected during tracking within the lower estuary;
however, 3 tagged individuals were relocated a total of 4 times. All were found within
3.3 km range of the confluence of Dead Lake and Pascagoula River, about 56 rkm
upriver from the mouth of the west distributary. Tagged Gulf sturgeon were located at
depths ranging from 6.5- 8.5 m, 3m temperature ranged from 21 .6-31 .3

·c. and the

dissolved oxygen averaged 5.36 mg/L. Late juvenile (# 9463) was relocated in the
summer holding area 13 d after it was last detected traveling upstream in the eastern
distributary. A sub-adult (# 9469) was relocated on 30 June, 69 d after it was last
detected traveling upstream within the western distributary. A second sub-adult was
relocated on 2 separate occasions within the summer holding area < 1.5 km of its
original capture location. It was relocated in the location that it was captured on 10
September, the day after it was tagged. It was next relocated 15 d later, 1.42 rkm
downstream of capture location.
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Fig. 17. Fall2009 migratory movements through the south array north of Hwy 90 in the
lower Pascagoula River watershed
Sampling Issues
The receiver setup for the spring 2008 telemetry array included 4.76 or 6.35 mm
(3/16 or 1/4 in) zinc coated cable with galvanized crimps to form the eyes. Significant
corrosion led to nine buoys and attached receivers breaking free of their anchors, but 4
were subsequently recovered. Most of the receivers that were lost formed portions of
the curtain coverage across the branch mouths; however, the farthest north receiver
along the west branch was also lost. This may have contributed to the reduced
detection of the one sturgeon caught in the spring. Following the failures experienced
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with the equipment used to deploy the telemetry array in year 1, the materials were
changed to stainless steel and eyes protected with thimbles pressed on with bronze or
nickel crimps. Furthermore, a zinc anode was attached to each deployed receiver to
reduce corrosion to the anchoring materials.
During the spring 2009 migration the river rose to moderate flood stage and four
in-river receivers were lost from mid- to late March, and only 1 was later recovered.
These receivers were in key locations north of Hwy 90, and this occurred during periods
when Gulf sturgeons were moving throughout this area. These receivers were all
replaced by mid-April, at which point all of the four Gulf sturgeon tracked during this
migration event had been detected within the array. It is possible that some aspects of
the spring movements were lost as a result of this flood event flushing receivers out of
the river. Maintenance of the dredge channel that runs the first 12 rkm of the eastern
distributary was also conducted throughout the early portion of the spring migration,
between mid-February and late April 2009. Dredge operations near the mouth of the
eastern distributary resulted in the loss of the receiver monitoring movements within this
area. The loss of this receiver coupled with the increase in ambient noise may have
reduced the number of automated relocations within this portion of the array.
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Fig. 18. Fall 2009 migratory movements through the mouth array south of Hwy 90 in the
lower Pascagoula River watershed
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CHAPTER IV
DISCUSSION
Minimal success in capturing Gulf sturgeon during the project period may be the
result of either 1) the targeted cohorts/species were not present, or 2) the targeted
cohort/species were present and not captured . In the first case, the absence of the
target cohort/species may be the result of population losses associated with the landfall
of Hurricane Katrina on 29 August 2005. The impact and aftermath of Hurricane Katrina
was responsible for massive fish kills in the Pascagoula River (Buck, 2005; MSDEQ,
2006; Todd Slack, pers. comm .; Lynn McCoy, pers. comm .) and may have severely
reduced the in-river population resulting in the low numbers captured during this study.
Heise et al. (2005) noted the fall seasonal emigration of Gulf sturgeon following the
landfall of Hurricane George, a category 2 hurricane that made landfall in September
1998, 24 km west of the Pascagoula. No data has been published describing the
response of the in-river Gulf sturgeon population to approaching large scale storm
events earlier in the season. Hurricane Katrina may have exacted a large mortality on
Gulf sturgeon within the Pearl and Pascagoula Rivers, and researchers targeting this
species have reported lower catch numbers and consistently smaller sized Gulf sturgeon
(Sulak, 2009; this report). This may be the result of increased mortality of large Gulf
sturgeon that would have been in the summer holding areas at the time of landfall. The
outcome is the immediate loss of each individual and the reduction seen in the effective
population of reproductively capable individuals within the drainage. This would lead to
reduced recruitment in subsequent years ensuing from fewer spawners present in the
population. However, Hurricane Katrina may not have selectively impacted only the
large individuals.
Young sturgeon, known to be widely distributed throughout natal rivers in other
populations (Sulak and Clugston, 1999; Sulak et al., 2009), would also have been very
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susceptible to mortality during Hurricane Katrina, possibly destroying entire cohorts.
Gulf sturgeon that would have been age 2 - 3 during year 1 estuarine sampling events
would have been YOY or age 1 at the time of Hurricane Katrina's landfall. No juveniles
were reported amongst the fishes killed , but it is possible that survivorship of these two
year classes was significantly reduced by this catastrophic disturbance, although more
sampling would be required to support this speculation. Nonetheless, reduced success
in capturing Gulf sturgeon in estuarine areas where previous researchers had
successfully captured these fish or where individuals had been noted in historical
accounts may be suggestive of a reduction in population size, loss of specific cohorts,
and/or reduced recruitment success following Hurricane Katrina .
In contrast, reduced catch of Gulf sturgeon may also be explained by the
targeted cohort being present, but not captured. In some cases, where crews
conducting studies may change over time, knowledge of each system may be lost. Yet
in this study, institutional knowledge of Gulf sturgeon life history specific to this drainage
was consistent through all periods of the study as W. Todd Slack has been involved with
all research efforts for over a decade (see introduction). Mean sampling effort per year
was similar between this study (40,973 net-m-hrs) and those previously (1998-2003)
conducted within this system (54,534 net-m-hrs); however, the yearly average of Gulf
sturgeon captured within the system before Hurricane Katrina was 42 individual fish , and
after was only 4. There is a bias in these estimates because the earlier research was
focused on sub-adult and adult Gulf sturgeon and thus only used large mesh nets. The
limited success in capturing Gulf sturgeon over two years with institutional knowledge
and intensive sampling seems to support at least a reduction in population size.
However, behavioral impacts resulting from the storm may have resulted in changes in
migration patterns of Gulf sturgeon within the river drainage itself. Such an occurrence
could possibly negate the benefits of institutional knowledge and result in sampling

49

efforts being expended in less than ideal locations. Unfortunately, while the data I
collected may be indicative of a problem for the Gulf sturgeon within the Pascagoula
River drainage, continued research efforts are needed to confirm any conclusions that
may be drawn from these data.
Population Census
The first 'snapshot' population census conducted within the Pascagoula
produced only five Gulf sturgeon and it is believed that the small numbers may have
resulted partially from a late start to sampling (14 October) and low rainfall, resulting in a
lack of higher water flows known to initiate downstream movement. Heise et al. (2005)
showed that Gulf sturgeon numbers within the summer holding area in the Pascagoula
River dropped significantly as the discharge increased and fish traveled downstream.
However, three days prior to my sampling, a front moved through the area causing a
small but sharp spike followed by a drop in the discharge. It is unlikely that the small
increase in flow during my study resulted in the mass downstream migration of those
holding in the summer habitat. Previous work within the Pascagoula has found that
during drought years, when large discharge events were absent, that Gulf sturgeon
migration from the holding area was more protracted (Heise et al. , 2005) and may
explain my low catch.
Moreover, during the course of my census within the Pascagoula drainage, the
water temperature dropped slowly from 23.6 to 16.TC, with a mean temperature of
21.3' C. Foster and Clugston (1997) found no correlation between migration and river
discharge for Gulf sturgeon in the Suwannee River, Florida; instead, they found that
water temperature was the primary cue. They reported that downstream migration
occurred when waters cooled from 26.0 to 17.0' C, with a mean temperature of 21.3'C
being recorded during fall migration.

I
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In light of my results and those previously reported for the Pascagoula, future
sampling efforts in the fall migration should account for annual climate variation as it
effects discharge and water temperature. Sampling dates should be f lexible and timing
should coincide with seasonal rains bringing increased discharge during wet years .
However, during years lacking rain, sampling efforts should be temporally extended to
account for the slower, protracted nature of migrations observed under these conditions
(Heise et al. , 2005). Sampling endeavors of this nature would also benefit by including
both day and night collections, as these efforts have been very successful in other
systems (K. Sulak, pers. comm .) and may yield higher captures within this population.
Yet the logistics of mobilizing a sampling crew and the necessary resources often
reduce or prevent the level of flexibility required.
Estuarine Movements
Data gathered by the automated telemetry array indicated that Gulf sturgeon
movements through the estuary are highly varied as some fish followed the most
parsimonious route while others moved in more complicated patterns. For example,
most fish were detected utilizing both distributaries to some degree but a small portion
was also detected solely within a single distributary. Also, in-river movements varied
most within the reg ion between 1-10 and Hwy 90 and some fish traveled upstream and
downstream rapidly through this region , whereas other fish were only detected moving
upstream (spring) or downstream (fall) depending on season. Regardless of size,
several fish were observed spending the majority of their time within a sing le distributary,
but moving rapidly and directly through the opposite distributary upon leaving this region
for the season. Moreover, a single fish was observed to hold for three days in an area
that other fish moved rapidly through as they traveled both upstream and downstream.
Similar upstream and downstream movement patterns have been reported in the
Suwannee River (Sulak and Clugston, 1999). It is unknown what the significance of this
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bidirectional behavior is as other fish were only detected traveling in a unidirectional
manner. This could reflect opportunistic fish moving with the tides to areas with salinity
ranges specific to their osmotic needs during acclimation periods as they move between
freshwater and saltwater habitats.
Telemetry results have identified Bayou Chemise and the eastern distributary
(north of Hwy 90) as previously unknown travel corridors connecting upstream
freshwater habitat with estuarine, nearshore and offshore habitats associated with the
western distributary within the lower Pascagoula. Previous telemetry studies (Heise et
al. , 2004; 2005) within this drainage had comparatively few relocations of tagged Gulf
sturgeon within the eastern distributary and it was subsequently believed that the
western distributary was the primary travel corridor. One possible explanation of the
movement patterns associated with the two distributaries is an avoidance of the highly
impacted area around the eastern distributary mouth, which includes moderate
industrial/commercial traffic and a large shipyard (Peterson et al. , 2007; Partyka and
Peterson, 2008). However, total avoidance of this area was not observed, as an adult
and late juvenile were observed to travel through the eastern distributary during fall and
spring migrations, respectively. Furthermore, several late juvenile and sub-adults went
undetected through the mouth array, and were last detected within the eastern
distributary. Manual tracking throughout the telemetry array south of 1-10 failed to
relocate those fish , and the most parsimonious route out of the array would have been
through the eastern distributary mouth.
During the course of my study several sturgeon were able to pass undetected by
receivers, both in the river and immediate estuary. Other Gulf sturgeon were only known
to have traveled a certain way (in-river) by a single detection. This study utilized coded
ultrasonic tags with a randomized delay of 60 s. It has been reported by other studies
that longer delays are useful in maximizing battery life, reducing chances of tag signal
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collision and identifying areas where Gulf sturgeon are moving slowly, potentially
foraging (Sulak et al. , 2009). However, the benefits of longer battery life must be
weighed carefully against the needs of the study, and conditions in the study area.
Several migrations detailed in this study would have been very different if a longer delay
had been used.
Estuaries offer a suite of characters suitable to optimal growth conditions for at
least part of the winter marine residency. These requirements are met, in part, by the
combined nature of the coastal geology, tidal and wave forces , and riverine inputs.
However, understanding the importance of these factors is necessary to quantify
seasonal variation in the distribution of Gulf sturgeon relocations within the marine
environment. For example , areas with greater freshwater and sediment influx coupled
with moderate wave action would produce shallow, sandy, lower salinity waters that
meet the abiotic requirements of potential Gulf sturgeon (all sizes) foraging areas (Sulak
and Clugston , 1999; Parauka et al., 2001 ; Fox et al. , 2002; Harris et al. , 2005; Sulak et
al. , 2009).
Juvenile and sub-adult Gulf sturgeon tagged during my study generally had
longer periods within the telemetry array in estuarine waters coupled with shorter
seasonal absences when compared to the larger fish. The smallest juvenile tagged
during this study (# 9463, 81 em TL) also made a brief incursion into the river in January
2009. While the length of this incursion was under 10 d, it provides supporting evidence
that young Gulf sturgeon often overwinter in river mouths and associated estuarine
waters (Sulak and Clugston , 1998; 1999; Sulak and Randall, 2002; Sulak et al., 2009).
However, none of my tagged fish were detected to overwinter within the immediate
estuary of the Pascagoula River and I was therefore unable to verify nearshore shallow
water habitat exploitation by overwintering juveniles. Thus, the winter troph ic habitat for
this portion of the population currently remains unknown.
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In contrast, adults in my study were only detected in estuarine waters following
the fall 2008 migration and had very short residency time of< 3d. In contrast, several
studies have found that adults and sub-adults remain for several weeks in nearshore
estuarine waters of Florida following the fall downstream migration (Carr et al., 1996;
Sulak and Clugston, 1999). Moreover, adult Gulf sturgeon captured at the mouth of the
Suwannee River during fall migration and transferred various distances offshore were all
initially found moving shoreward to shallow waters (Edwards et al. , 2003). These
differences probably result from the small size of the telemetry array that focused on
those waters immediately adjacent to river mouth entrances and not into nearshore
environments. An expanded telemetry array covering the shallow shoals that extend out
from the distributary mouths may reveal a similar behavioral pattern for adult and subadult Gulf sturgeon natal to the Pascagoula River. In addition, some mature females
have been noted to have extended residency in marine waters and forgo the yearly
spring migration (Fox et al., 2000; 2002), which could explain the absence of the only
two adults following the fall 2008 migration.
Gulf sturgeon of all age categories were detected for varying amounts of time
during both spring and fall migrations outside the western distributary mouth. Benthic
organism and sediment habitat maps generated for shallow depths (0.3- 0.9 m) during
my study suggests that this may be an important patch of suitable foraging habitat for
Gulf sturgeon during seasonal migrations. During low tide or high riverine discharge
events the region adjacent to the western distributary mouth would encounter reduced
salinities, providing the correct complement of stable (e.g. nearshore, sandy substrate,
shallow depth) and dynamic (e.g. prey availability, salinity) variables to occur in a region
where Gulf sturgeon, especially smaller ones, are believed to forage. A laboratory study
examining salinity effects on metabolic success found that juvenile Gulf sturgeon had
higher growth and a more efficient food conversion ratio and energy absorption
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efficiency in brackish water versus freshwater (Aitinok and Grizzle, 2001 ). Clearly,
foraging in brackish water, when availability/quality of prey is not in question, offers an
advantage. The area adjacent to the western distributary mouth seems most likely to
provide the necessary suite of habitat characteristics needed to supply juvenile Gulf
sturgeon with marine foods at reduced osmotic costs, yielding higher and more efficient
growth (Aitinok and Grizzle, 2001 ). Gulf sturgeon

~

1 yr are known to only feed in

marine waters (Mason and Clugston, 1993; Gu et al. , 2001). Telemetry studies in the
Suwannee River (Sulak and Clugston, 1999; Edwards et al. , 2003) and the
Choctawhatchee River (Fox et al. , 2000; 2002) employing continuous tracking in the
nearshore regions have observed movement patterns indicative of foraging behavior in
large (> 100 em TL) Gulf sturgeon. Florida studies that have examined Gulf sturgeon
marine/estuarine relocations in relation to sediment composition and benthic macrofauna
found that most occur in areas with a sandy substrate containing benthic prey items
such as amphipods, polychaetes, brittle stars, and lancelets, regardless of size (Parauka
et al., 2001 ; Fox et al. , 2002; Brooks and Sulak, 2005; Harris et al., 2005). However,
Gulf sturgeon from the western populations have also been relocated over muddier
substrates (Ross et al., 2009), which may reflect that these relocations may have been
associated with Gulf sturgeon traveling between foraging locations. Updated sed iment
composition and benthic density need to be gathered in combination with telemetry
relocations to confirm these find ings and assess these relationships post-Katrina. In the
absence of data to the contrary, shallow nearshore waters with muddy to sandy
substrate and patches of potential prey should be afforded protection as critical foraging
habitat for threatened Gulf sturgeon. Emphasis should also be placed on regions both
immediately adjacent to natal rivers and those further away that meet these
requirements as Gulf sturgeon are reported to travel to great distances during the short
marine residency (Rogillio et al. , 2007; Ross et al. , 2009).
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Benthic sampling should also be timed to coincide with Gulf sturgeon arrival in
estuarine waters (e.g. pre-spring migration, post-fall migration). Many benthic studies
are conducted during summer months, when such sampling is more easily accomplished
as weather conditions can be harder to accommodate in winter (Heard and Mclelland,
2002; Mclelland and Heard, 2004; 2005; Harris et al., 2005). However, those studies
that have compared benthos between seasons have noted significant differences in
abundance, biomass and dominant taxa (Brooks and Sulak, 2005), which are higher in
the summer, when am phi pods were the dominant taxa versus winter sampling which
was dominated by polychaetes. Knowledge of this scale allows for increased strength in
interpretation of location and behavioral data gathered from the lower river.
This study has produced evidence of prolonged and extensive use of the river
mouth and immediate adjacent coastal habitats associated with the western distributary
in April and May by four Gulf sturgeon tracked during seasonal migrations. Previous
manual tracking research within this system did not detect any tagged Gulf sturgeon,
regardless of size, within the coastal nearshore environment between April and
September despite regular and persistent tracking (Ross et al. , 2009). My study relied
heavily on multiple automated receivers acting as anchored tracking stations that can be
constantly listening and recording detections is immeasurable. The use of automated
receivers gives the researchers the ability to record information in multiple places at
once with reduced manpower.
Gulf sturgeon management and their continued survival in Mississippi requires
protection of areas where Gulf sturgeon feed in winter, spawn in spring, and hold during
summer months. The maintenance of connectivity between these major habitats, as
well as protection of prey resources vulnerable to impact due to ongoing anthropogenic
development in coastal areas should be of primary concern (Peterson and Lowe, 2009).
In addition, the protection of natural flow cycles within the drainage is also necessary for
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several reasons . Gulf sturgeon rely on regular increases in discharge as migratory cues
(fall and spring) (Fox et al. , 2000; Parauka et al., 2001; Heise et al. , 2004; 2005), and in
addition increased flow has been found to be positively correlated to available spawning
habitat (Flowers et al., 2009) and strength of younger year classes (Randall and Sulak,
2007). Development projects that reduce water flow within coastal rivers can directly
affect recruitment and survival within the drainage, remove natural migratory cues , as
well as lead to habitat loss in the form of low salinity coastal waters rich in potential prey
and should therefore be avoided.
Future Needs
It has been noted that the largest remaining gap in knowledge concerning
sturgeon is that of the early juvenile (Hatin et al. , 2007; Ross et al. , 2009). Effort was
made in this study to shift the primary focus from large (adult and sub-adult) Gulf
sturgeon to small (<100 em TL) fish by downsizing sampling gear. During year 2, I made
no progress in increasing the number of tagged juveniles within this system, but was
successful in tracking juveniles throughout the lower estuary during the spring and early
summer of 2009. Future studies should continue efforts in trying to gather more
information concerning the abiotic and biotic factors that influence movement of this size
class.
Future studies should expand the array farther offshore to include the extensive
shoals and nearshore areas east and west of the river mouth to see if absence from the
estuary is due to migration to locations farther offshore or are adjacent shallow habitats
being exploited as winter foraging grounds. Rogillio et al. (2007) and Ross et al. (2009)
report longer mean distances traveled from summer to winter habitat for individual Gulf
sturgeon from the Pearl River (mean 80 km) as compared to the mean reported for the
Pascagoula population (mean 22 km). Ross et al. (2009) speculated that one Gulf
sturgeon captured within the Pascagoula, relocated at Horn Island and recaptured later
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in Yellow River, FL most likely traveled the extensive distance via nearshore shallow
water. This supports the belief proposed by Sulak and Clugston (1999) that Gulf
sturgeon are more prone to spread along the nearshore coastal areas in depths less
than 10 m in search of suitable prey. Future research efforts should examine long
distance coastal migrations between adjacent populations, such as the Pascagoula and
Pearl Rivers' populations, focusing on interdrainage/seasonal movement patterns
relative to the coastal features (i.e. shallow nearshore vs. island areas). If the travel
corridor between freshwater spawning and holding grounds and winter trophic habitat
lays within the nearshore coastal regions, documentation of this pattern would aid in
protection of the connectivity of Gulf sturgeon habitat.
Future research should examine estuarine and nearshore exploitation over large
time frames in context to climatic variation in rainfall and subsequently discharge, as
years with increased discharge have been correlated with greater year class strength of
younger, more estuarine dependent cohorts (Randall and Sulak, 2007) as well as affect
spawning habitat availability (Flowers et al. , 2009). Examination of how changes in
natural hydrology impacts the utilization of nearshore estuarine habitats by Gulf sturgeon
of all sizes may provide insight in understanding what suite of factors influence the
intermittent strong-year classes responsible for the majority of a Gulf sturgeon
population.
The information gathered in my study could be enhanced by detailed knowledge
of freshwater discharge, tidal stage, and fish position in water column during automated
relocations. Increased knowledge at this scale could greatly aid interpretation of the
various activity patterns observed in Gulf sturgeon during estuarine residence . The
small size of the population sampled for this project coupled with the limited spatial scale
of the arrays in regards to other areas known to provide nearshore, shallow habitats
precludes definitive statements. However, data presented in this study illustrates the
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importance of connectivity, highlights new areas utilized by the Pascagoula population
during migration and estuarine residency, and provides a launching point for future
research.
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